ABSTRACT The ability of mice bearing the H-2s haplotype to develop helper responses to the random copolymer of GluMa while they developed suppressor responses to the terpolymer of GluAlaTyr suggested the crucial role of tyrosine in these peptides. On the basis of various considerations, it was postulated that many of the tyrosine residues in GluAlaTyr would be localized at the NH-terminal end of the molecule. To verify this hypothesis, a block terpolymer composed of a short sequence of homopolymer tyrosine covalently bound to the random copolymer of Glua was synthesized. The present studies, using t is block terpolymer, demonstrated that the chemical determinants stimulating helper and suppressor responses are distinct and can be present simultaneously in the same molecule. Thus, addition of COOH-terminal tyrosine residues to the Glu,Ala polypeptide converted this immunogenic molecule to an immunosuppressive molecule in mice bearing the H-2s haplotype. The mechanism by which these short sequences of tyrosine influence H-2-linked immune responses remains to be determined.
The immune response to thymus-dependent antigens is under the control of genes in the major histocompatibility complex in mice (1), rats (2, 3) , guinea pigs (4) and rhesus monkeys (5) . Synthetic polypeptide antigens have been very useful in the study of the activity of these genes, which have been termed H-linked Ir genes, and which differ for distinct antigens (6) . The responses of mouse strains bearing different H-2 haplotypes to the two related random linear copolymers of L-amino acids, poly(Glu6O,Ala4O) and poly(Glu6O,AlaW,Tyr'0) (abbreviated to GA and GAT, respectively), are examples of antigens under such distinct genetic control, although the antibodies produced against the two copolymers are very crossreactive. Mice bearing H-2abdkg haplotypes respond, whereas mice bearing H-2p q n haplotypes do not respond to both antigens. However, mice bearing the H-2s haplotype, such as the SJL or the congenic resistant BlO.S strains, respond to GA but not to GAT. Thus, the presence of 10% tyrosine in the latter copolymer affects critically the immunogenicity of this antigen for H-2s mice (7) .
The amino acid copolymers used in these studies are prepared by polymerization of the appropriate N-carboxyamino acid anhydrides, in which the various reactive functions are reversibly blocked. The polymerization reaction starts from an initiation point and is propagated via the free amino group. The distribution of the different amino acid residues along the polymeric chains reflects the rate of polymerization of the respective N-carboxyamino acid anhydrides (8) . Since the Ncarboxyanhydride of tyrosine polymerizes more slowly than those of y-benzylglutamate and alanine, it seemed reasonable to assume that poly(Glu60,Ala30,Tyr'0) is composed of molecules in which most tyrosine residues are clustered at the aminotermini of the chains. This raised the possibility that a stretch of tyrosine residues is capable of blocking the antibody response to the poly(Glu6O,Ala30) portion of the molecules in mice bearing the critical H-2s haplotype.
The process controlled by H-linked Ir genes is believed to be concerned with the specific stimulation of helper thymusderived lymphocytes (T cells) and/or with the process whereby these helper T cells exert their regulatory activity on antibody responses (1, 6, 7) . The inability of genetic nonresponder animals to form specific antibody responses to the relevant antigen may indeed be overcome by immunization with the antigen coupled to or complexed with an immunogenic protein carrier such as methylated bovine serum albumin (MeBSA) capable of stimulating helper T cells in these animals (9, 10) . Furthermore, our recent studies have demonstrated the stimulation of specific suppressor T cells in mice bearing nonresponder H-2 haplotypes for the copolymer GAT immunized with this antigen (10, 11) . These suppressor T cells inhibit specifically the responses of these mice to GAT-MeBSA in vio and in vitro, to which, as stated earlier, they normally respond. On the basis of these various considerations, the inability of the mice bearing the H-2s haplotype to develop antibody responses to GAT, while they respond to GA, suggests that the stretch of polytyrosine postulated to be present at the NH2-terminal end of the GAT molecule is capable of suppressing the antibody response to GA determinants in H-2s (SJL) mice.
To verify this hypothesis we have prepared a block copolymer composed of a short homopolymer of L-tyrosine covalently bound to a random copolymer of L-glutamic acid and L-alanine, and have investigated the antibody responses to N-Carboxy-'y-benzyl-L-glutamate anhydride and N-carboxy-L-alanine anhydride were dissolved separately in dioxane, then mixed together, added to a solution of oligotyrosine in dimethylformamide under stirring, and kept for 3 days. The product was precipitated with water and dried over phosphorus pentoxide; the protecting groups were removed with HBr in acetic acid. The reaction product was dialyzed using Spectrapor membrane tubing, with molecular weight cutoff 6000-8000 (Spectrum Medical Industries, Los Angeles), lyophilized, and chromatographed on a Sephadex G-50 fine column with 0.01 ammonium bicarbonate as the running buffer (Fig. 1) . The material under the first peak was collected and lyophilized. Amino acid analysis of the polymer showed the following amino acid residue ratios: Glu:Ala:Tyr, 65:31:4. The average molecular weight of the final block copolymer was calculated to be 14,000, taking into account the amino acid composition and the fact that the initiator oligotyrosine was on the average a pentamer. Upon sedimentation the polymer gave, in 0.01 M sodium <0.001
In most cases, the same antisera were assayed for binding of (G,A)-T and GA-tyramine; 1/5 dilutions of the sera were used. All sera were collected 7 days after secondary immunization with 100 ,gg of polymer in complete Freund's adjuvant. NS, not significant. Immunology: Schwartz et al. Table 2 .
In order to investigate the ability of GAT or (G,A)-T to suppress the responses of SJL/J mice to GAT-MeBSA, (G,A)-T-MBSA, or GA, the mice were injected intraperitoneally initially with 100 ,ug of the antigens in a mixture of 1 Tables 1 and 2 demonstrate that GA-T has a pattern of response similar to that of GAT but different from that of GA as concerns the distribution of responder strains to these antigens. Mice of the C3H.SW and B1O.HTG strains show comparable antibody responses to (G,A)-T and to GA, in contrast to SWR/J and B10.F mice, which do not respond to the two antigens. As predicted, H-2S mice distinguish between GA and (G,A)-T. Stronger secondary antibody responses are elicited by GA than by (G,A)-T in SJL/J and B1O.S mice. These differences are highly significant and are detected whether (G,A)-T or GA coupled to tyramine is used as ligand, indicating that (i) the antibodies elicited by immunization with GA or (G,A)-T have similar specificity and (ii) the antibodies elicited by (G,A)-T are directed to determinants on the GA portion of the molecule. Proc. Natl. Acad. Sci. USA 73 (1976) 2865 Further, preimmunization with GAT or (G,A)T suppresses the responses of SJL/J mice to GA, GAT-MeBSA, or (G,A)-TMeBSA to a highly significant degree. The conclusion can, therefore, be reached that short sequences of L-tyrosine are seen by SJL/J mice as "suppressor determinants", whereas the GA portion of the molecule is capable of stimulating helper T cells. DISCUSSION The antibody responses to the random copolymers GA and GAT are under the control of H-2-linked Ir genes (7, 17) . The strain distributions of responsiveness to these two related copolymers, which differ only by the 10% L-tyrosine in GAT, are identical for both antigens with the exception of mice bearing the H-2s haplotype (6, 7) . These mice develop antibody responses to GA but not to GAT. In addition, GAT was found to stimulate specific suppressor T cells in mouse strains bearing nonresponder haplotypes to GAT such as H-2s (11) . The possibility must, therefore, be considered that, in H-2s mice, oligotyrosine sequences selectively stimulate specific suppressor cells capable of aborting the antibody responses to the GA portion of the molecule.
In the course of synthesis, the different rates of polymerization of the N-carboxyanhydrides of the three amino acids in GAT suggest that the bulk of L-tyrosine residues in GAT should be found at the NH2-terminal end, and that these polytyrosine (1, 18 ), these results demonstrate that the determinants capable of stimulating these responses are not necessarily the same. These studies present an example of the specificity of "suppressor determinants," which appears to be as exquisite as the specificity of "helper responses" under H-2-linked Ir gene control (18) (19) (20) . The critical problem that remains to be explained concerns the manner in which Ir and/or Is genetic control of immune responsiveness and of suppression for specific determinants is achieved. The recent demonstration that thymus-dependent antigens can stimulate T cells specifically only when they are presented by macrophages in close relationship to products of the H-2 complex, and more particularly of the I region, may be considered a clue for this intriguing issue (21) (22) (23) . A complete understanding of these phenomena, however, will depend upon the identification of the T cell receptor, and of its relationship to Ig V regions and/or to I region products and to our perception of the manner whereby T cells are restricted to antigens perceived in relation to surface molecules coded for by the major histocompatibility complex (22, 24) .
